Introduction
Pea seed-borne mosaic virus (PSbMV) is a member of the potyvirus group. The flexuous, rod-shaped particles of the potyviruses contain a positive-sense ssRNA genome of approximately 10 kb (Hollings & Brunt, 1981) . The 5' terminus of the RNA is covalently linked to a virus-encoded protein (VPg) (Murphy et al., 1990) and the 3' end terminates with a poly(A) tract (Hari et al., 1979) .
The complete nucleotide sequences of the potyviruses tobacco etch virus (TEV; Allison et al., 1986) , tobacco vein mottling virus (TVMV; Domier et al., 1986) , plum pox virus (PPV; Maiss et al., 1989) and potato virus Y (PVY; Robaglia et al., 1989) have been determined. Analysis of these sequences has demonstrated that the potyvirus genome contains one large open reading frame (ORF) with the potential to encode a polyprotein of between 3005 amino acids (TVMV) and 3063 amino acids (PVY). The polyprotein is proteolytically processed into at least eight proteins (Carrington & Dougherty, 1987 a, b; Carrington et al., 1989 Carrington et al., , 1990 : the N-terminal protein, the helper component-proteinase (HC-Pro), a 42K to 50K protein, the cytoplasmic inclusion protein (CI), a 6K protein, the small nuclear inclusion protein (NIa), the large nuclear inclusion protein (NIb) and the coat protein (CP) (Dougherty & Carrington, 1988) . The functions of some of the non-structural proteins have been established. HC-Pro is necessary for aphid transmission (Thornbury et aL, 1985) and also has proteolytic activity (Carrington et al., 1989) ; CI has helicase activity (Lain et al., 1990) ; NI a, or the N-terminal part of it, is VPg, which is covalently linked to the RNA (Murphy et al., 1990; Riechmann et al., 1989) . NI~ also has proteolytic activity (Carrington & Dougherty, 1987a) and will be referred to as the 49K proteinase (49K-Pro). NIb is expected to have RNA polymerase activity owing to its homology with other viral RNA-dependent RNA polymerases (Domier et al., 1987) .
We have determined the complete nucleotide sequence of the PSbMV genome. Analysis of the deduced amino acid sequences of PSbMV, TEV, TVMV, PPV, PVY and soybean mosaic virus (SMV) suggests the presence of an additional proteolytic cleavage site in 49K-Pro.
Methods
Virus and RNA purification. The PSbMV isolate (DPD1) originated from a pea seed sample analysed by J. Jergensen at the Danish Plant Directorate (Lyngby, Denmark). The virus was propagated in Pisum sativum L. cv. Dark Skin Perfection. Virus particles were purified 3 weeks after inoculation by the method of Alconero et aL (1986) , and viral RNA was extracted as described by Maiss et al. (1988) .
DNA manipulations. DNA was digested with restriction enzymes from Boehringer Mannhein, according to the manufacturer's recommendations. DNA fragments separated on agarose gels were purified using a Prep-A-Gene kit (Bio-Rad). The plasmid vectors pGEM-3Z and pGEM-7Z(+) (Promega) were used for cloning cDNA and for subsequent subcloning for sequence analysis. DNA was ligated under the conditions described by Pfeiffer & Zimmermann (1983) , and transformation of Escherichia coli was done as recommended by Hanahan (1985) .
cDNA cloning. Purified RNA was used as the template for oligo (dT) as well as random primed cDNA synthesis using the cDNA Synthesis System Plus (Amersham). The cDNA was either cut with selected enzymes or methylated with EcoRI methylase (New England Biolabs), and ligated to EcoRI linkers. Subsequently, the cDNA was ligated to the plasmid vector and cloned into E. coli DH5a (Bethesda Research Laboratories) .
Nucleotide sequencing and sequence analysis. Sequenase version 2.0 (United States Biochemical) was used in sequence analysis studies. Each nucleotide was determined by sequencing either two independent cDNA clones or by sequencing both strands of a cDNA clone. Computer analyses were performed using the Microgenie sequence software (Beckman).
RNA sequencing. The sequence of the 5'-terminal region was determined by direct sequencing of the RNA using a 18-mer synthetic oligonucleotide [5' GAGCTTGTTACTTAAGTG 3' (oligo A)I complementary to positions 120 to 137 of the viral RNA. The RNA sequence reactions were performed with reverse transcriptase in the presence of dideoxynucleotides (Geliebter, 1987) . The identity of the first nucleotide at the 5' terminus was determined by extending the reverse transcriptase reaction products with terminal deoxynucleotidyl transferase (DeBorde et al., 1986) .
Cloning of the 5'-terminal region. The 5'-terminal region was cloned as described by Domier et al. (1989) using oligo A to prime first strand synthesis. Second strand synthesis was initiated by a second oligonucleotide [5' TTTAAAATAAAACAACTCAA 3' (oligo B)] identical to nucleotides 1 to 17 of PSbMV except for the three thymidines at the 5' end. These were added to generate a DraI site which allows precise excision of the 5' terminus of PSbMV cDNA. nucleotides of the poly(A) tract. The sequence of the 5'-terminal region not contained in any cDNA clone initially analysed was determined by direct sequencing of RNA. Subsequently, the Y-terminal region was cloned (pPS34) and sequenced. Thirteen cDNA clones and subclones thereof were used for sequence determination (Fig. 5) . The nucleotide sequence of PSbMV is shown in Fig. 1 .
Coding and noncoding regions
The genome is 9924 nucleotides in length excluding the Y-terminal poly(A) tract, cDNA clone pPS13 (Fig. 5) has a poly(A) tract of 60 residues, which was the longest determined. Computer analysis revealed an ORF of 9618 nucleotides, starting at position 144, with the potential to encode a polyprotein of 3206 amino acids with a calculated Mr of 364K. The first AUG codon, at positions 144 to 146, is likely to be the initiation codon for the polyprotein of PSbMV because, firstly, this AUG is in the context of a ribosomal binding site and has an A residue in position -3 which is not likely to be passed by the scanning 40S ribosomal subunit (Kozak, 1986) . Secondly, the first four amino acids, MSTI, of the PSbMV polyprotein are also the first amino acids of the polyproteins of TVMV and PPV, and are present at amino acid positions 5 to 8 in the polyprotein of PVY (Fig. 6) . Thirdly, the overall base composition of PSbMV is 33 % A, 18 % C, 24 % G and 26 % T, whereas that of the 143 nucleotide leader sequence is 41% A, 20% C, 7% G and 33 % T. This very low G residue content seems to be a common feature of plant virus 5' leader sequences (Gallie et al., 1987) . If the next in-frame AUG codon downstream from the proposed initiation codon is taken as the polyprotein initiation codon, the G residue content of the 5' leader increases to 18%.
The size of the genome and polyprotein of TEV (Allison et al., 1986) , TVMV (Domier et al., 1986) , PPV (Maiss et al., 1989) , PVY (Robaglia et al., 1989) and PSbMV are listed in Table 1 . The PSbMV genome is the largest of those sequenced and, because the 5' UTL and
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Sequencing of the PSbMV genome
Initial screening of the cDNA clones by restriction enzyme mapping, hybridization analysis and partial sequencing identified four overlapping clones, pPS29 (1-6 kb), pPS128 (1.3 kb), pPS21 (3.0 kb) and pPS13 (5.8 kb), which covered the entire coding region, 94 bases of the 5' untranslated leader (5' UTL), the 3' untranslated region (3' UTR) of 163 nucleotides and approximately 60 the 3' UTR are shorter than the corresponding regions in other potyviruses, the extension is within the polyprotein of PSbMV, which is between 81 and 201 amino acids longer than the polyproteins of the four other potyviruses.
The initial 30 nucleotides of the PSbMV 5' UTL were found to have a high degree of sequence identity with other potyviruses (Fig. 2) . At present, the function of this part of the 5' UTL has not been established, but it may play an important role in replication of the virus genome. No significant similarities could be detected in the primary or secondary structure of the 3' UTR. 
* Sites were identified by comparison with the determined and/or proposed sites in TEV, TVMV, PPV and PVY polyproteins.
Proteolytic processing of the polyprotein
A potential cleavage site separating the N-terminal protein from HC-Pro could not be identified because this cleavage site has not been determined for any of the potyviruses. Evidence has been presented that a cryptic virus-encoded proteinase which is dependent on a host factor or a plant proteinase is responsible for this cleavage (Carrington et al., 1990) .
Cell-free expression of defined RNA transcripts in vitro has identified a potential cleavage site for the TEVencoded HC-Pro, between the dipeptide G-G located at amino acid positions 763 and 764 in the TEV polyprotein (Carrington et al., 1989) . Alignment of the protein region surrounding this cleavage site in TEV with the corresponding region of PSbMV, TVMV, PPV and PVY showed that the dipeptide G-G is conserved in all five potyviruses (Fig. 3) ; it is located at amino acid positions 856 and 857 in the PSbMV polyprotein.
A recent comparison of both determined and putative cleavage sites in the potyvirus polyprotein has shown that 49K-Pro cleaves at Q-A, Q-G, Q-S or Q-T dipeptide sequences (Ghabrial et al., 1990) . Valine was found in position P4 in approximately 80~ of cleavage sites and glutamic acid in half of the P6 positions. Based on these data and on sequence homologies of the polyproteins, five putative 49K-Pro cleavage sites were identified in the PSbMV polyprotein at the expected positions ( Table  2 ). The sequence V(R/K)X(Q/E)~(S/G/A) is proposed to be a consensus cleavage sequence for the 49K-Pro of PSbMV.
The putative cleavage site between the 6K protein and 49K-Pro differed from the usual potyvirus consensus pattern as it contained glutamic acid instead of glutamine in position P1. However, glutamie acid in position PI is predicted for several picornavirus cleavage sites (Palmenberg, 1987) ; these cleavage sites are processed by the 3C proteinase of the picornaviruses, which is homologous to the 49K-Pro of the potyviruses (Domier et al., 1987) . To ensure that the deduced glutamic acid was not the result of an error during cDNA synthesis, the sequence of this region was confirmed by sequencing cDNA clones obtained from two independent cDNA synthesis reactions.
Presence of a potential internal cleavage site in 49K-Pro
Searching the PSbMV polyprotein for the presence of the proposed consensus cleavage site sequence of 49K-Pro, V(R/K)X(Q/E)+(S/G/A), revealed the presence of an additional potential cleavage site, EHVRTE+A, in 49K-Pro at amino acid positions 2144 to 2150. Alignment of the amino acid sequence of PSbMV 49K-Pro with those of TEV, TVMV, PPV and PVY and SMV revealed similar potential cleavage sites in their 49K-Pro proteins (Fig. 4) . The most prominent feature of these sites when compared with the respective consensus sequences was the presence of glutamic acid instead of glutamine in position P1. However, they all had several features in common with the other determined or proposed 49K-Pro cleavage sites. (i) Serine is the most common amino acid at position P'I; (ii) histidine and phenylalanine are common amino acids at position P2; (iii) a high preference for valine in position P4; (iv) a preference for glutamic acid or glutamine in position P6; (v) the total absence of glycine from the cleavage sequences (see Ghabrial et al., 1990) . If these sites are recognized in vivo the 49K-Pro proteins of PSbMV, TEV, TVMV, PPV and PVY would be cleaved into two proteins of approximately 22K and 28K. The VPg of TEV has been shown to be 49K-Pro or the N-terminal 24K part of this protein (Murphy et al., 1990) . A size of 24K is close to that of 21.2K calculated for the N-terminal part of the potential cleavage product of TEV 49K-Pro. The genome-linked proteins of PPV and TVMV have been determined to have MrS of 22K and 24K, respectively (Riechmann et al., 1989; Siaw et al., 1985) , which are in good agreement with those calculated for the potential L4AA1, ~dU~ACAAC 1, CAACAAAACA T/~.4T CC.JU~1, CGC 1, T AAACCAT 14 T C T T GCA1, A T T G1, T CACAGC T 1,11, GA T TAT ACT AG T T A T CAA 1,1,1,1, T ACACA T T A T T T GCAJkC T 1,1,1, CAA1, C 1~0
&C T 1, kAG1, kACAAGCT CAT CAAAAT G I CAACA T 1AGT T T GCCAAGCAGT T GCAGCACCGGT T T GG T CAAA T GGAGCCAGGACAAGGCG T 14 T CAGGGAT GCAGAT GG 1, GAG TACAGGT G TA 2~0
M $ T L V C O 14 V A 14 P V W S 14 G A R T it R I R D A 0 G E Y R C
32
C 1, CAG 1, GT GAC31, 1, ~T 1,1, CGA 1,1, C 1, A 1, GACCA T GGCGCG T CCT GI GAjkl CA T T GC 1, G1, GA TGGGA T CAT GAT T GACGAG TATAA1, T T G T A 1, GACGACGA T CC TA l T 14 T GCA T T T GGT 1, G 360
1, Q C 13 N G F O $ ~ T Iq A R P V N H C C O G I 14 I O E Y N L Y O O D P I M H L V
72
&1, TCT.j U~AA£j kCCJU~TCJUEGCGGGG 1,1, CGCAAGAC, ACTGAAGGTGA T GGAAT GGCJ~GC T GA3~GCCAT 1,AAGGT~C 1, G~GC T G~CCAG1,1, ~ 1, T GC T T CA T GG 1,1, G~C 1, AT T~[
kl GGC T ~CCA1CCC/~GACAGC T T &C T CAGGAT C~AGGT T T T CA T ~C ~GAJLAGC T AGAT T GCAGGCkGC T GT T ~C GAJ~A T C GA ~0
CjkAT T C,~J.AGAGAAGAGAAGGJUI~JkGGCAAT 1, T GCA 1, T TAGCAAGC 1, AGAAGAGAAACT CCGGGC 1, AGGCG1, GAAA~AC T GAAAGA1, GG 1141, AG 1,1, A 1, CAAA14C 1, AGGAAAGGA T 1, GGAGT 720
CAAA~GC..~GGT GT GAAAT GCGCA.A CA T CGAAGAAAAT GAGGACT GT CAGAAAACCACAC~AG T T T AAAA.AT~C T ~T ECATA~ T G T GC T ~ T CGAGCAGG T CA T ~CCAT T GCAG 960
$ I~ G G v g C A T S K K N R T V 14 K P Q S L K M g T E S [ 0 V L % E Q V H T I A 272 ~TG~GT~CT T T ~1, T~C~GTCTG~T~GGC~GT~TG~GTCCGTT 1,ATTGC~G1,1,~14CG~GCATCAT~GGGATTATCA 1080 K ~ A K O V 1, L I D K O K T N R V W I 14 R V N G V 14 L L Q V E T K H H K G I I 312 ~C~CTTCTCT ~C~TCT T A~GT TGCTA~CAI T TTGC~G~GCATATATACACCCATCA~CAGTATCACACATG~CACAGCG~GTCGTCTTCT 1200 S Q • D A S L N N t. T ~ R V A R H F A R K 1, A Y I H P $ 0 S ] T 14 G H S G V v F 352 T C, CGCGCGAACA 1, CAG 1,
GGCAGC~,kG T CA T ACAGTAT T GAT GAC T TAT T CGT TG T TAGGGGCAAAAGA~ T GGGA~ T TAAT GGA~GCCG 1,AACAAAGT T GCGT GGCGCAAGAT GT T T C 1320
L
~T GT C.GCJ~T I CI I ~CI GC14CJ~T AT 1,AC&T &T T I 1C TACCCT T 01T GGCGCATAACT T ~T ACCd~AGT GCAT T T CC~UkC T GGT T GAGTA;~ACC~ACAAOTGAGCAGATCG~kACACA T T T 1560
&T GAC, CGAGGCaAAC T TAGCCA T ACA.AGAT T I GAA T A.A.A.AGA.A1,1, CCA1, CAGCACAT CA T GTA.ACT CAGA T GGT 1, ~C T CC 1 ACG1 CAYUGA T C~CAC~CAT T T~CAT GG~ 1680 
1, E IZ G It L 14 ] Q D L N tC R I P S A H V T Q 14 Y E L L R Q R I K N T T F D M G
512 ,C.AAC.ACC.A,.~AGTTC.ACGAA .... CC~00AOOGAC.AAGA1,GGAGTTTTCAGGCATTTGAACCGACTCAACAA1,AGTATTI ' IAGCGGCAAATGG .... GCACAATTGAGTGGGAAAGCA 158~ N U " ( V ~ E L ) G H R Q 0 G V F R
L N 14 L N 14 S I L A A N G S S T 1 E W E S T GAA T ~GT C T AT T AGAG T T AGCGCGC T GGCAT AACkAGCGAACT GAAT CTATAGCAAGT GGAGGTAT T TC T AGC T T T CGGAACAA~TAT CT GC CAAAGCCCAAAT CAAT T T T GCAC
AT CJ~C.ACT GT TAC~..,C-CCACACCAACAGGAGT CAGGCACCTAGCA.AT T GGAJU~ T C T GAT CAT T C CAGGGGAT CTACAGAAAT TAAGAGA~C T T ~GGGGT GT C~T CACAGCAGT GG 2160 
T GGT T A TT GG~TACAGGGGA T CCAAAG T TAG T T GACT T ACCCA~CT GAAACT GG T AGGA T G T GGAT T GCAAAAGAGGGAT A T T GT TACATAAACATAT T CT T CGCAA T GC T T GTGA 2~00
~T CAC~_I/,/,j~rjA~GCC.A.AGGAT T T CACA~U~GT T T GT T AGGC, AT C,A.AAT CAI GCCACAGCT TGGGAA, AT GGCC~C~T ~T GGAT G T AGC~C T GC T T GC T k T~T TAGC~T~ 2520
TCTACCCTGATGT TAGACaATGCCCAGCTGCCGAC~AAT T T T~GT TGATCACTOAGAACAAATOT TCOATGTC' ATCGACTCGTATG01 TCCAT GACTACAGGT TATCATATCTT~GCAG 26~0
~AAr ~_r.T T T CT CAG T T AA T ~AG T T T T GCGCA T G~ T GCAT T G T T GGGT GAGAT GAAAAT GT ATAGAO T T GGAGGCAC 1, OAGA~T GGA~T TAAT AT G T GT T GCT GT CAGAGGAAAAACC
TACTCATr_~r &~TTGATACGAGOCATTTACAGGCCAAAACTATTGACGGAAATTAT TGAGACAGAGCCATT TOTOCTCATGCT TGCTATCGTGTCTCCGTCTATT CTAAAGGCAATGT 2880 
AAC T GC T TGAGTT' rAGAGGCAT GGATATAAAT T 7 GGAT GATGT T C, AAAGT T T TAGA.kAGT T TGGT T GTGC 1GAGACAGT GC GT TGT CAGAGTA.kA TCAGAAGT T T CTAAAACAC TGCAGC 5880 Q k L E F R G H D l N L D D V E S F R K F G C A E T V R C ~ /S K S E V S K T L G
1912
TTAAGGGTAAATGGAACAAACCGCTCATTACAAGTGAT T TCTTCGTTGTTTGTATGGTGAGCATTGGATGTGTAGTTTTGATGTACCAAAT TT T TATGGCTAAGTGGAACGAACCCGTTA 6000
AACT T GAAGGGAAGT CGAAAGCTAAAACT T T GCGT T T TAGACAGGC T CGCGACAACAAT GCCAAGTAT C, AAGT GT T T GCAGAT GAAGACACAAAAC GC CAT TAT T T T GG T GAGGCATACA 6120
CAAAGAAGGGCAAGA/~GTGGTAAGGCACGAGGGATGGGTGTGAAAACAAAGAAGTTCGTGAATGTGTATGGT TTTGATCCATGTGAATAT TCCCT TGTTCGATTCGTTGATCCACTCA 6240
C T GC, GT T C, AC T T AT GAT AC' ACACCC T AT GGAACACAT C~A. T GC, ACGT GCAGGAGACT ATAGGTGA T C,,A TCGCAGGC, AGGCCA T G T GG~CGAT G~C T C~ T~C~ T T~ T T [~ T ~CCA 63~6,0 T G L T Y D R H P M E H N H D V Q E T [ G D D R R E
GACCCAOAAT TGAAGCG TAC TATA TA/UtAGACAAAACCACGCCAGCAC TCAAGA TCGAT T TGAACCCT CACAATCCAATGAGGGT C T GCGA TAA~GCT G/LAAC T AT T GCT GGAT T CCCAG 6480
R P T [ E A Y Y [ K D K T T P A L K 1 D L N P H N P M R V C D K A E T ! A G F P
211~ AACGTGAAT T CGAAT T GAGACAA T CT GGC T C T GCAACAT TAGT T CCATACAG T GAAGTACCAGTGCAAAACGAGAAACAAGAAT T T GAC GA GGAGCAT GT GC GAACGGAGGCAGC GT CGC 6600 E R E F E L R Q S G S A T L V P Y S E V P V O N E K Q E F D E E H V R T E A A S
2152 TA•ATTTTGGCTT•CGCGACTACAATCCAATTGCG•AAGCCGTGTGTAGAATAACAAACACAGGGGTCGATTATGACCGATCAATCT TTGGCATCGGATTTGGTCAGTTTTTAATCACAA 6720 L H F G L R D Y N P % A ~ A V C R I T N T G V 0 Y D R 5 I F G % G F G q F L % T 219~ ATGCGCATTGCTTTAAGTTAAATGAAGGGGAAACAAGAATTGTGTCAAGGCATGGGCAGTTTACCATTGAGAAGACACATAGCTTACCAATCCATCAAGTGAAGGATAAAGACAT••T•A 6840
N A H C F K L N E G E T R I V S R H G 0 F T [ E K T H S L P [ H Ca
V :( 0 K 0 M V 2232 TAGTCCGGT TGCCAAAGGATTTTCCACCATTCCCGCAAAGAT TACAATTTCGAGCTCCCCAGCdULAGAGAGAAGATCTGTCTTGTTGGTAGTAATTTCCAGGAAAAGAGCAT TCAAAGTG 6960 l V R k. p K 0 F P P F P G R L ~ F R A P Q E R E K l C L V G S kl F g E K S ] [a S
2272
T I*A TC/(CCGAA TCA TGCA/' GACCT TCAAACACAA TGG TG&Cut, A4 L~CTGGAAACAC TGGA TAJICGAC~A~GGTCAC TG T GGACT l CC / GCT G T T GCAC T C~GGAT GGGCATA TAG 7080
TAGG~kATTCACAACCTGGGTGGTGAGAACACGAACA~AAACTATTTCACACCTTTTGATGCAGATATACTAGATAAATATTTATTGAATG~GGAGG~GT TGCAGTGGACAAAAGGATGGA 7200
AGTACAATAAAAACAAAGT T T GT T GGGGAGGT T T GGAGC TACTAGATGATAACGAACC T GAGGAAAGTGG T 1 T GT T CAGGATGG TAAAG T TAC TAAAGAG TC TCGAAGAAGAT GGCGT TA 7320
K Y N K N K V C W G G L E L L D D N E P E E S G L F R M V K L L K S L E E 0 G V 2392
GAACT CAAAGCAGGGAT GACGCAT GGCTAGAGAAAGAGAT TAAAGGAAGT T T GAAAGT GG T T GC CCGCT GC¢CAGGACAAT T GGT TACTAAGCACGT GGTAAAGGGTCCAT GCGCCAT GT 7440
GCAATACTGT TGT TG~TAATGTTGATTG~GATGTCTTTGAGAACGCAATTGACAATGTGGAGAAAATCTTA~GGAAGGCAGGGATGATGCAGTGTGAGTAT GTGACAGATGCA~GGCTA 7680
1"T T T TCAGAGT T TAAATAT GAATGCAGC TG T CGG T GCCAT GTA T CAGGGCAAGAAGAAAGAC TAT T T TGAGC~AT T I CACAGCCGCCGA TAGAGAGCT CA TAG T GAAGCAAAGT T GT
GCGAGC/OLA1011GA~GAAI CIT T ACACAGAAAT CAT T T ACAC1C CAAT AGCAACACCAGAT GGC T CAGI ~AT AAAGAAGACGAJu~GGAAAT AAT AGT GGACAACCAT CAACAGT 1G T 1G 8280
TOCGGCCAGACT GT GAGT TTGT GCT CAAAGGCT T GGAGATACAT T TCT CTAAT CT GGGGT TAAAT TATAACT T T T CT GCGCGGCACCATGACAAGAAAGATGT TTGGT T TAT GT CAACAA 8520 Internal 49K-Pro cleavage site sequence
GAGGCAT T TT GAGAGAT GGAAT TC TGAT ACCAAAAC T T GAAGAAGAACGAAT T GT T GCAAT T T T GGAATGGGATAGAAGTAGAGAAT T T T CACATAGGC T TGATGCCATAT GT
Cleavage site sequence Fig. 5 . The proposed locations of the cleavage sites predicted seven or eight proteins with calculated Mrs of 96K, 47K, 70K, 6K, 51K (or 23K and 28K), 59K and 33K. The 96K protein is expected to be cleaved in vivo into the N-terminal protein and HC-Pro.
Comparison of PSbMV proteins with other potyvirus proteins
Since no potential cleavage site could be identified between the N-terminal protein and HC-Pro, the large 96K protein is expected to contain both of these.
Comparison of the N-terminal regions of TEV, TVMV, PPV, PVY and PSbMV showed that this region was variable both in primary amino acid sequence and in length. However, some regions of sequence similarity could be identified (Fig. 6) . From this comparison it was evident that the variable region of the N-terminal region of PSbMV was between 93 and 142 amino acids longer than the corresponding regions of the other four potyviruses. The N-terminal protein has been proposed to have a function in cell-to-cell movement of potyviruses (Domier et al., 1987) . This suggestion was made on the basis of sequence similarities between the N-terminal Fig. 6 . Partial protein sequence alignment of the N termini of TEV, TVMV, PPV, PVY and PSbMV polyproteins. The sequences shown are the start of the polyprotein, then a region in which some sequence identity became apparent and finally a region of high sequence identity starting 48 to 52 amino acids after the first identity was observed. Conserved amino acids are printed in bold.
region of TVMV and the 30K movement protein of tobacco mosaic virus (TMV). However, the amino acid identities found in the TVMV N-terminal protein and the TMV 30K protein were not observed in TEV, PPV, PVY or PSbMV. Robaglia et al. (1989) have identified a cysteine cluster in the putative N-terminal region of HC-Pro of PVY. This cluster of five cysteines is perfectly conserved in the five potyviruses sequenced, including PSbMV (amino acids 425 to 456 in the PSbMV polyprotein). The proposed 47K protein of PSbMV showed only limited sequence similarity with the corresponding proteins of PVY (26~), TEV and TVMV (28~).
The putative CI protein of PSbMV showed between 52~ and 57~ sequence identity with the CI proteins of TEV, TVMV, PPV and PVY. A possible nucleotide binding motif, (G/A)XXXXGK(S/T), which has been identified in CI proteins of the potyviruses TEV and TVMV (Gorbalenya et al., 1989) , was also present in the proposed CI protein of PSbMV (amino acid positions 1351 to 1359). This motif is also present in the CI protein of PPV and this protein has been demonstrated to have RNA unwinding (helicase) activity (Lain et al., 1990) . These data all suggest that the CI protein is involved in replication and could be the membrane-bound protein of a larger replication complex, as suggested by Goldbach (1987) .
The proposed cleavage site, EPVKLE~G, at the C terminus of the PSbMV-encoded 6K protein is unusual in containing glutamic acid instead of glutamine. Cleavage at this particular site would result in a protein which is identical in size to the 6K proteins of TEV and TVMV, supporting the location of this cleavage site. The PSbMV 6K protein showed 42~ and 43~ amino acid sequence identity with TEV and TVMV, respectively.
The PSbMV protein corresponding to the 49K-Pro of TEV has a calculated Mr of 51K. It showed from 44~ to 50~ amino acid sequence identity with the corresponding proteins of TVMV and PPV, respectively.
The proposed NI b protein of PSbMV showed a high degree of sequence similarity with the corresponding proteins of the four other potyviruses, ranging from 58 with PVY to 63~ with TVMV and PPV. The GDD sequence motif found in many replicase enzymes (Strauss & Strauss, 1988) was also present in PSbMV, starting at amino acid position 2744.
PSbMV CP showed 49~ and 60~ similarity with the capsid proteins of TVMV and PVY, respectively. Recently, the CP of another isolate of PSbMV has been sequenced (Timmerman et al., 1990) ; these two CPs showed 98 ~ amino acid identity. The major difference between the two isolates was a deletion in the isolate sequenced by Timmerman et al. (1990) encompassing amino acids IPRY located at positions 3120 to 3123 in the polyprotein of our isolate of PSbMV (Johansen et al., 1991) . In all the other potyvirus CPs which have been sequenced, these four amino acids are highly conserved.
The high degree of conservation of amino acid sequence in many potyvirus proteins could serve as a guideline for attempts to define and understand their functions. The use of infectious transcripts of full-length cDNA clones may be of use in these studies because they allow the effect of defined mutations to be determined.
